The various life history stages of the Weddell Sea population of Pleuragramma antarcticum were sampled to investigate life-history patterns of this ecologically important polar fish. Otoliths were examined for size, morphology and microstructure. Age determination of Antarctic fishes has proved to be difficult because of small ambient temperature fluctuations. External and internal examination of otoliths by scanning electron microscopy revealed internal increments (assumed to be daily) and hatching marks. Back calculation of hatching dates from otolith increments, suggested a hatching season from September-November, with recruitment to the adult population at three to five years of age. Growth data conformed well to the von Bertalanffy equation. Fish grew slowly, with the largest fish attaining ages of more than 30 years. A multivariate mathematical model relating age to otolith morphometrics and fish size proved reliable, making it possible to age large sample sizes of fish. Limited elemental microprobe data obtained from two otoliths demonstrated patterns which may be useful in indicating the environmental life history of individual fish. These collective data suggest that the ecological importance of populations of Pleuragramma antarcticum is most likely due to a long life span and high lifetime reproduction rate.
Introduction
The dominant demersal fish group in the Southern Ocean is the sub-order Notothenioidei that contains 90-100 species (Andriashev 1965) . The species of this sub-order, largely endemic to the Southern Ocean, lack swim bladders and are mostly benthic or demersal. Yet several species have become adapted to a pelagic life style that allows them to exploit a rich planktonic food supply in the mid-waters over the Antarctic shelf.
Pleuragramma antarcticum, the Antarctic silverfish, may be the most abundant fish species in high Antarctic waters. In the southern Weddell Sea, adult concentrations are as high as 1 ton km-2 and post-larvae dominate the ichthyoplankton numerically by 85-95% (Hubold 1985) . In the shelf area, P. antarcticum may be the primary food item, surpassing even krill in the diets of top predators, such as Dissostichus mawsoni (Eastman & DeVries 1981) , whales (Andriashev 1987) , seals (Plotz 1986) and penguins (Volkman et al. 1980) . Thus, the Antarctic silverfish may rival the krill, Euphausia superba, in its ecological significance.
Based on limited data, Hubold (1984 Hubold ( ,1985 has proposed a complex life cycle for P. antarcticum. Adults spawn in nearshore shelf areas and the young larvae, after an unknown period on the continental shelf, migrate into offshore pelagic waters, where they may spend several years in the Weddell gyre. Adults return to the continental shelf, where the oldest individuals lead a benthopelagic existence. Over the continental shelf, a distinct vertical segregation of different sizedfishpermits adults and larvae to co-exist in thesomewhat narrow coastal areas, without significant overlap. The proposed life cycle is supported by distributional data, but many details of the cycle are still unknown. In the present study, otolith increments representing one of the smallest periodic units of otolith growth, were enumerated for age determinations and otolith strontiumhalcium ratios were measured to reconstruct a proposed environmental history. We evaluated and integrated the information interpreted from otoliths to determine: a) the growth patterns of P. antarcticum; b) the duration of the life-history stages; and c) a possible hydrographic migratory model. These interpretations provide an insight into the ecological importance of P. antarcticum.
Methods
Samples of the early age groups and the adult spawning groups P . antarcticum were collected during cruises in the austral summers of the Weddell Sea (Fig. 1) . Proceduresfor Sample collections were from the southern Weddell Sea, sampling followed those as described by Hubold (1984) . Larvae, juveniles and adults were collected by several methods. A bongo net and otter trawls were towed simultaneously at various depths to capture larvae (bongo net), adults and juveniles (otter trawl). In addition, fish were caught with a RMT 1t8 M (Multiple Rectangular Midwater Trawl) with 450/320 pm meshes, to determine the vertical distribution pattern. Fish larvae, juveniles and adults were sorted from unsplit samples and subsamples were either frozen for later otolith analyses or fixed in buffered formalin for later distribution analyses. In the laboratory, 38 individual P. antarcticum of various sizes (3-21 cm SL) were measured to the nearest 0.1 mm. Sagittal otoliths were removed from the fish, cleaned of extraneous material, washed with water, air dried, weighed to the nearest 0.01 mg and stored in 96% ethanol. Samples for all size groups were aged using otolith techniques as describedby Radtke (1990) . Before sectioning, otoliths were examined with a light dissection microscope to decide the best plane for enumeration of increments. The otoliths were then embedded in epoxy resin and carefully cut with a low speed rock saw. Sections 200 pm thick were obtained from the medial cross sectional plane, the region that intersects the core or nuclear area. Otolith sections were attached to SEM viewing stubs with5-minute epoxy, ground with a graded series of carborundum grits, then polished with 0.3 pm alumina paste. After polishing, sections were etched for 1-15 minutes using 7% EDTA (ethylene diamine tetraacetate -pH adjusted to 8 with NaOH) to reveal incremental patterns in the surface relief. The etched otolith sections were washed in water, dried, and stored over desiccant. After coating with gold microstructural examination and increment counts were then made for each (hatched area).
otolith with the SEM.
In regression analyses, standard length was used as the independent variable related to the number of increments andotolith weight and diameter. Thevon Bertalanffy growth equation was also employed to relate age to fish length, based on a daily rate of increment deposition. The equation is as follows:
where:
L, = theoretical maximum length Lt = length at time K = constant indicating the rate of change in length (the Brody growth coefficient)
The constants Lm, K and to were computed using the methods described by Ricker (1975) . To determine the relationship of age to otolith morphometry, sagittae length, width and weight were measured. Otoliths were segregated according to their lateral position in the cranium. Left and right sagittae from all fish were scanned using a computer-aided video digitizer, which produced a measureofmaximum length(from the rostrum to antirostrum, nomenclature of Hecht 1978) and width (the widest distance in the dorsal-ventral plane).
The process of determining the chronological age of fishes by the enumeration of micro-increments is laborious and time consuming. In an effort to determine other predictors of age in P. antarcticum, the datagenerated from otolith and fish measurements were applied to the multiple regression model:
In this model, age in years was determined by counting increments, a = intercept, b = regression coefficients, x = variables. The multiple regressions were determined in a stepwise fashion with the inclusion level for variables set at p = 0.05.
We assumed that higher SdCa ratios represented somewhat lower water temperatures based on literature interpretations , Kalish 1991 .Two otoliths were analysed for Sr and Ca content using a CAMECA-CAMBAX fixed crystal wavelength dispersive electron microprobe. Sagittae were mounted on 2.5 cm circular glass disks, ground to the core and highly polished . Grinding was accomplished by using several grades of wet/ dry paper carborundum (600-1200 grit). Final polishing was done on a Buelher Ecomet I11 polisher using PSA backed (8" dia.) Beuhler Masterex polishing cloth with 0.05 pm deagglomerated alumina paste. The samples were washed with distilled water, oven dried at 40°C for 24 h and stored over desiccant until analysis. An extremely smooth surface is essential, otherwise large diffractions of X-rays occur, resulting in analytical errors. Specimens were coated with a carbon layer of c. 250 nm to enhance electron conductance and dampen X-ray diffraction. Wilberforce apatite and strontium fluoride were used as standards. Sagittae were analysed at 5 pm intervals along the longest axis, with the electron beam focused on a 5 pm2 area. Probe current and accelerating voltage were (30 nano-amp) and (15 kV), respectively. Sr/Ca ratios for each area sampled were presented as normalized atom ratios based on the concentrations of the standards and multiplied by lo3 for presentation. Microprobe counting precision was established at 5 % and counts with a counting errors 5% were discarded.
Results
The sagittae of P. antarcticum are small relative to fish size, generally oval with a smooth and gently rounded external surface and a rounded but defined rostrum and anti-rostrum ( Fig. 2) (nomenclature from Hecht 1978 , Morrow 1979 . The rostrum becomes more pronounced in larger fish. A shallow sulcus is transected by a collum and terminates in an excisural notch that is accentuated at the rostrum and antirostrum. The core region of the otolith is in the collum area.
Distinct increments were visible (Fig. 3 ) in all samples examined by SEM with larger, concentric incremental zones also evident. Fig. 3 shows a low magnification view of a sagittal otolith with increments radiating from the core to the edge. Larger incremental patterns, or bands, were observed, but they could not be attributed to any specific environmental cues. Counts of increments within these bands showed that the bands were not true annuli. Closer inspection (Fig. 4) revealed a distinct core area with a pronounced zone of higher protein concentration which may indicate a life history transition. Sagittae exhibited a well defined core region within the column area. Inside the core region were concentric increments separated from the surrounding otolith by a distinct 'transition' zone. These distinct transition increments could be found at different positions, but in all otoliths suggesting they were deposited amid changes in ontogeny. Otolith increments, which were presumed to be daily were tallied from the interior of the core area and were interpreted to represent the early life history stage of an individual. Outside the core area, a concentric matrix, punctuated with undulating bundles of carbonate crystals formed increments (Fig. 5 ) that were clearly visible. Each increment was composed of a discontinuous zone and an accretion zone, made visible through EDTA etching. Once the correct plane and etching time were resolved, it was possible to enumerate the increments. Counts of increments were made beginning at the transition area surrounding the core and ending at the outer edge of the otolith. Scanning electron micrograph of a sagittal otolith of a 97 mm SL P. antarcticum , showing the characteristic central core area, separated by a well defined transitional zone from the outer zone with increments radiating outward. The increments of P. antarcticum displayed a range of widths, which were likely related to differences in daily growth rates. As displayed, the increments can be discerned despite changes in width. b. Increments from a 34 mm SL fish found surrounding the core area of the otolith.
otolith, while wider ones were further out. 'Daily' increments were enumerated in the sagittal otoliths of 38 fishes. These increments were assumed to be deposited in a daily fashion, allowing the estimation of age of these fishes (Fig. 6 , see discussion). Ages ranged from 1.3 years for the small juveniles, to 33 years for the largest individual collected.
Assuming that the increments had been deposited daily, the data conformed well to the von Bertalanffy growth equation, resulting in the growth curve shown in Fig. 6 . The estimatedvalues for the von Bertalanffy parameters and their confidence limits are given in Table I . In the samples collected the maximum age was c. 33 years old. The von Bertalanffy growth curve for this population shows a somewhat rapid growth during the early years and a levelling during the last growing seasons (Fig. 6 ). This would support otoliths from a 89 mm SL P. antarcticum, as used for daily increment enumeration. Protein ridges and discontinuous zones, comprising increments made visible through EDTA etching, were revealed at high magnifications.
our life history hypothesis. There was a steady, gradual, almost linear increase in length through the maximum age.
The following values for the constants L-, K and to were computed by the methods described in Ricker (1975) , using length in mm and age in years: L , = 210.8; K = 0.0740; to = -1.49. The largest specimen collected was 205 mm SL, which is smaller than the 225 mm individual collected in the Weddell Sea by Hubold (1985) . Lubimova et al. (1973) reported a figure of 300-350 mm TL as the maximum size, but there is doubt whether individuals this large exist. Increment counts indicated that the oldest individual examined was over 30 years of age (12245 increments = 33.5 years). Sagittal otolith dimensions were related to fish size. Sagitta length was linearlly related to fish length (SL) (Fig. 7) suggesting that fish growth was isometric and parallel with otolith growth. Sagitta weight was related exponentially to fish length (SL) (Fig. 8) . P. antarcticum has a planktonic existence for the early part of its life, then switches to an offshore pelagic life style. From the point of inflection of growth equation, it was calculated that this change to a pelagic life style occurs at c. 2.8 years (=lo35 increments).
The relationship between otolith weight and increments (estimated age in days) is linear in (Fig. 9 ) and was best described by a multiplicative linear regression. Variability increased with age. This relationship supports the assumption that increments reflect daily growth or at least a uniform growth interval as related to fish size and were consistent with growth processes.
Analysis of stepwise multiple regression models relating fish size, weight, and otolith morphometrics to age, resulted in the acceptance of the following model (correlation coeffiecient 9 = 0.99): Age = -103.97 t 271.98 standard length -3813.67 otolith length c 3434.92 otolith width t1599.31 otolith weight.
Addition of the remaining variable (sagitta width) did not improve the regression (n = 38, ? = 0.99,p<0.05; Table 11 ).
The residuals were randomly distributed, which demonstrated that this multiple regression best explained the variability in age. Over 94% of the variance was explained by the regression of the two otolith measurements (weight and length), supporting the usefulness of otoliths as reliable structures for age determination. On thequestion of independence in "independent variables'' in the multiple regression, it is true that variables such as otolith length, otolith width and otolith weight, along with fishstandardlengthandbody weight arenot trulyindependent as assumed by the methods. This may give an artificially inflated rZ value, but this should not decrease the usefulness of these variables as predictors. Regardless, 92% of the variance was explained by the value of sagitta weight alone (the best predictor), which again emphasizes the value of otoliths as age predictors.
Wave length dispersive electron microprobe analyses showed that strontium was present and that Sr/Ca ratios varied methodically across the otolith section (Fig. 10) . Sample P16 (Fig. 10, top) was analysed from the core region to the otolith edge, while sample P14 (Fig. 10, bottom) differences between these two otoliths. As a result, the distance sampled also differed, which translated into resolution differences of Sr/Ca ratios over the distance between center and edge. Still, this had no detectable affect upon the interpretation of assumed temperature cycles. The profiles of both otoliths from 0 pm to c. 200 pm displayed a symmetrical downward trend. At a space of a third of the total distance from the origin of the scan, there is a change in the relative concentration of strontium in both profiles. This replication of general patterns in Sr/Ca ratios adds credibility to these initial results.
Discussion
The Antarctic silverfish, Pleuragramma antarcticum, is an extremely important key species in the pelagic ecosystem of the Antarctic convergence. P. antarcticum has clupeid characteristics in appearance and ecology and inhabits niches analogous to herring (Graham et al. 1984) although the species are unrelated. The Antarctic 'herring' is circumAntarctic and is the most plentiful fish of the Antarctic convergence (Nybelin 1952 , DeWitt 1970 , Hubold 1984 (Eastman & DeVries 1981) . In McMurdo Sound the Antarctic silverfish is the most common prey item ingested by other fish (Eastman 1985) . The life history behaviour of P. antarcticum appears to be elaborate and the present data support such interpretations. Adults are normally pelagic. P. antarcticum migrates into deeper waters as it matures, and a corresponding shift in diet suggests a habitat change (DeWitt & Hopkins 1977 , Daniels 1982 , Hubold 1984 , Williams 1985 . It is believedthat adults spawn near the edge of the annual ice (Eastman 1985) . Eggs of P. antarcticum have not been found, and they are presumed to be buoyant (Hubold 1984) . Spawning occurs the in early austral spring and larvae appear in the plankton from October-December (Andriashev 1965) . The growth rate of larvae in the austral summer is c. 0.24 mm d' as estimated fromsequentialsampling (Keller 1983) . Postlarvae and juveniles overwhelmingly dominate (99.3%) the ichthyoplankton both in numbers and biomass in the Ross Sea throughout January and February (DeWitt 1970) . In addition, 85-95% of the ichthyoplankton caught in the southern Weddell Sea were P. antarcticum and at certain stations they were the main planktonic organisms (Keller 1983 , Hubold 1984 .
Due to its ecosystemsignificancea thoroughunderstanding of the life history parameters CharacteristicofP. antarcticum is imperative. Much of this critical life history information could be derived from age structured models providing growth, trophic dependent factors and demographic characteristics. However, little data presently exists on the demographic dynamics of Antarctic fishes. This paucity of information is due primarily to the difficulties unique to age determination in Antarctic fishes.
Structural indicators of growth have been found in many biological systems (Neville 1967) , and were first postulated to be formed daily in otoliths by Pannella (1971 Pannella ( , 1974 Pannella (1971) , that increment width reflects fish growth rate, with fast rates producing wide increments. Our observations suggest that P. antarcticum grows at an accelerated rate (compared to later growth) as post-larvae and juveniles. As adults, growth rate declines andis somewhat variable, as evidenced by a mixture of narrow and wide increments. Similar otolith increment patterns were seen in Nototheniops Zarseni (Radtke & Targett 1984) and the number of increments in these patterns was considered to be of possible lunar periodicity. There are, however, differing opinions which caution against such a simplistic view of otolith increment width-somatic growth relationships , Secoretal. 1989 . Subdaily growthincrements are infrequently encountered in fish otoliths. This type of increment has been found primarily in portions of fish otoliths deposited during the rapid early stages of larval and juvenile growth (see Pannella 1980) . If, on the other hand, increments are deposited less frequently than daily, then as growth rate slows in older fish or during portions of the year when the 24 h light-dark cycle is indistinct or lacking in the Antarctic, age estimates from increment counts would underestimate rather than overestimate age. Although areas in otoliths were detected in which increment width decreased, none of these appeared to indicate cessation of increment formation. Otolith deposition experiments onNototheniops nudifrons and Trematomusnewnesi indicated that increments form daily (Hourigan & Radtke 1989 , Radtke & Hourigan 1990 . Validation of increment deposition rates has not been possible for P. antarcticum, because attempts at capture and maintenance have beenunsuccessful. However, in the future it may be possible to validate daily increment formation in fish reared from eggs. Validation will be necessary in order to reduce the possibility in introducing substantial errors in interpretation of microstructure (Campana & Neilson 1985 , Campana 1989 . Data support the idea that P, antarcticum is a long-lived slow growing species and the length-age data conformed well to the von Bertalanffy equation. The t, and K estimates from this study were -1.49 and 0.0740, respectively, and these values agree with Hubold & Torno's (1989) estimates from conventional otolith readings of -1.2 for to and 0.0726 for K. The L , estimate of 211 mm for the present data is substantially lower than the Lm of 308 mm estimated by Hubold&Tomo(1989) . ThisdifferenceinL,leads to alarge discrepancy in the estimated age at maturity. Hubold (1984) reported that P. antarcticum reaches maturity at 140 mm, which corresponds to an estimated age of 13-14 years using the present von Bertalanffy equation, and 7-8 years if one uses Hubold & Torno's (1989) von Bertalanffy parameters. The oldest fish that we examined was estimated to be over30 years. Hubold's oldest individual was aged at 21 years and measured 245 mm (SL). The similarity in the Kestimatesfor the two studies suggest that periodic structures were counted in both studies, which explains the similar curvatures. Neither the present study nor Hubold &Tomo's(1989) study included validation of increment deposition rates, and it is possible that increments are not deposited at the assumedperiodicities.
This may have led to the discrepancies in the maximum ages observed and the differences in L,. It will be important to verify deposition rates for this species, since other population parameters depend on accurate ageing.
Still, increments appear to form in response to die1 periodicities in metabolic rate, which may be entrained by externalcues (Campana &Neilson 1985 , Mugiyaetal. 1981 , Radtke & Dean 1982 . Under these circumstances, we assume a dielpattern for the deposition of otolith increments in P, antarcticum. The utilization of increments and their interpretation as being daily allowed us to estimate age and growth for P. antarcticum.
P. antarcticum otoliths from Ross Sea fish (Radtke & Hubold, unpublished data) demonstrate distinct morphological differences when compared with those of fish from the Weddell Sea. Analyses of daily increments strongly suggest that these differences may be directly related to differencesin growth patterns of different conspecificgroups.
The correlation of otolith size with age could be very useful for age determination in large samples of fishes (Boehlert 1985 , Radtke et al. 1985 , Reznicket al. 1989 ) and would provide growth estimates difficult to obtain by other means. Otolith dimensions may provide additional information on the ecology of P. antarcticum. It may be possible to arrive at quick estimates of relative growth by comparing otolith weights to fish size. A similar relationship between otolith weight and fish size has been found in haddock (Melanogrammus aeglefinus) (Templeman & Squires 1956 ), the toadfish (Opsanus tau) (Radtke etal. 1985) and others , Radtke 1990 , Radtke &Hourigan 1990 . Differentiation inotolithweight occurs through the greaterproteindeposition during fast growth, producing a lighter otolith, and a higher proportion of calcium deposition during slow growth, producing a heavier otolith (see Bagenall974, Mugiya et al. 1981 , Tanaka el al. 1981 , Radtke et al. 1985 , Reznick et al. 1989 ). An illustration of otolith weight acting as a growth indicator is evident by comparing the microprobe otolith samples P16 and PI 4. PI 4 was larger (178 vs. 175 mm SL) but younger (24.2 vs. 33.5 years, as determined from SEM increment counts). Otolith weight reflected this difference in growth rates, with P1 4 having lighter otoliths (4.65 vs. 5.44 mg). Similar processes may operate in other Antarctic fish species. Such a technique could be useful in comparing growth rates of individuals from different geographical locations and experiencing different ecological conditions such as temperatures and food resources.
The growth axis of the otolith in which regular increment deposition occurred, also showed cyclic patterns in elemental composition, that in other fish species have been attributed to changes in temperature (Gauldie & Nathan 1977 , Radtke 1984a , 1984b , Gauldie et al. 1986 , Radtke & Morales-Nin 1989 , Gauldie et al. 1990 . The chemical response of otoliths to changing temperature is species specific (Townsend etal. 1989) and temperature is considered to be a dominant factor affecting otolith growth (Gauldie & Nelson 1990b ). Yet, within a species, the elemental composition of otoliths (most notably Sr/Ca ratios) is a good record of temperature patterns, but not the absolute temperatures encountered by an individual fish. In addition to cod fish (Radtke 1984a) , the SrKa concentration ratio technique has been applied to blue fin tuna (Thunnus thynnus, Radtke & Morales-Nin 1989), Hawaiian gobies , and larvalherring (Radtke etal. 1990 ,Townsend et al. 1989 ). The elemental relationship, coupled with assignment of age to each microprobe sample site, has been used to imply the relative hydrographic histories of individual fish (Radtke & Targett 1984 , Radtke 1984a , 1987 , 1988 , 1989 , Radtke & Morales-Nin 1989 , Townsend et al. 1989 . To date Townsend et al. (1989) have provided the most ambitious application of this technique by using otolith Sr/Ca ratios to contrast the environmental histories of different sub-populations of larval herring in the Gulf of Maine.
Although absolute temperatures could not be determined, it was suggested from Sr/Caconcentration ratio patterns, that field-caught cod (Radtke 1984a ) moved between warmer and cooler water, suggesting that they migrated between inshore (where they were captured) and offshore areas. The same, may be true for P. antarcticum. Sr/Ca concentration ratios from Hawaiian gobies helped determined the age at recruitment from the planktonic marine phase to the freshwater juvenile phase. This was corroborated with SEM studies and allowed the definition of the "putative settlement mark" . Larval herring studies , Townsend et al. 1989 suggest that the successful individuals spend the first winters in offshore waters. These results underline the potential of these techniques to characterize migratory and life history patterns and their usefulness in the present study.
From the Sr/Ca profiles, it can be inferred that the fish moved between diverse hydrographic conditions. This suggests that they migrated between inshore (where they had been captured) and offshore areas. These tentative interpretations underline the potential of these techniques to characterize life history patterns. Although we have just begun to apply these methods to pelagic fishes , Radtke & Shepherd 1991 , the results obtained illustrate the potential of otolith techniques to the study of life histories in these species. Besides short-term movements within and among particular water masses, there are long-term environmental changes in the relative position of oceanic water masses that may explain changes in fish abundance. When such changes occur, the proportions fish spending time in warmer and colder water will be reflected in the proportions of "warm i.e., lower average Sr/Ca ratios" and "cool i.e. higher average Sr/Ca ratios" type otoliths.
A compliation of age and 'environmental' data enabled us to hypothesize a life history scenario. We were unable to assign the Sr/Ca concentration ratio values to their corresponding increment counts or estimated age. Ratherwe have assumed a linear relationship between the distance of the otolithprofile and estimated age. We then normalized the distance from the centre of the otolith for both microprobe profiles, to correspond with respective increment counts. Consequently, general comparisons between the individual fish provides a life history silhouette. Suppositions based on our past studies using microprobe analysis would indicate that the Sr/Ca ratios indicate that P. antarcticum is exposed to colder water early in life for c. two years. Then, as P. antarcticum grows olderpast two to four years, it gradually moves into warmer waters. Later in life, it returns to colder waters at eight to ten years in age. These values are based on the otolith readings with distance normalization. This scenario is in agreement with observed distributions and proposed life cyles, where small (young) individuals occur primarily in colder waters in the shelf areas, and older individuals, past four years of age, exist in warmer offshore waters. Spawning adults are thought to return to colder shelf regions. In southern shelf waters, larvae (age 0) and juveniles ages 1-2 are abundant. There is a gradual shift of parts of the population towards the north at all juvenile ages, thus the number of juveniles of 2,3, 4 years and so on are lower in the south than in the north (this is shown in the size distributions in Hubold & Tom0 1989) . It is postulated that maturing adults (from ages 7-8) start backward migration to the south for reproduction (Hubold 1985) . Part of the stock also reproduces at lower latitudes (Antarctic Peninsula) as is shown by the occurrence of early larvae (Kellermann 1986 ).
There presently exists a question on the utility of electron microprobe techniques. In the most contrary report Kalish (1989) questions, in a problematic fashion, the utility of electron microprobe techniques in retrospectively determinations. Within the microprobe conditions Kalish (1989 Kalish ( ,1990 Kalish ( ,1991 used there is a capability for migration of different ions and the counting times may not have taken this problem into consideration. In methodology, the use of cleaning spirits and other chemicals are not suggested for microprobe samples (see material and methods in Kalish 1989 and 1991) as there is a possibility that they may leave volatile contaminating residues which alter the x-ray patterns emitted from the area of the incident electron beam due to carbon aggregation. There is a selected use of literature references and data by Kalish (1989) that provides a biased argument. There appears to have been a misuse of the data of Radtke &Targett (1984) as cross phylogenetic comparisons between Antarctic fish and tropical coral were made which in reality may not have any relationship at all. Distribution coefficients (Townsend et al. 1989 ) are a more suitable comparison of elemental ratios. This biological fractionation of strontium in higher organisms is more dependent on temperature than that in the inorganic system or even corals (Hallam & Price 1968) . The trend is further exaggerated in fishes, which, in preliminary tests, exhibit a much stronger temperature effect against the incorporation of Sr into otolith aragonite (Radtke 1984a , Radtke & Targett 1984 , Gunn et al. 1992 .
Conclusions
Pleuragramma antarcticum spawn on the high Antarctic shelf, juveniles then migrate to open pelagic waters of the Weddell gyre and possibly the Circumantarctic Current, and then return as adults to spawn on the shelf (Hubold 1985 , Kellermann 1986 ). Shelf waters are colder than offshore waters and temperature differences can be expected to be recorded in the otoliths. In validated studies of other species, the Sr/Ca ratios in the otoliths are inversely related to temperature (Radtke 1984a , Townsend etal. 1989 . Higher SdCaratios, suggestive of colder water temperatures, were observed near the core and this was followed by lower values. Sr/Ca ratios then increase, suggesting that adults return to the colder, shelf waters to spawn. The Sr/Ca data are not entirely unambiguous, however. Ontogenetic changes, growth rate variations, feeding success, as well as temperature, can have effects on these ratios in otoliths. SdCa ratios are most likely species dependent and experiments on the Antarctic silverfish are necessary to calibrate the relationship between temperature and Sr/Ca ratios for this species. This would allow agespecific temperature life histories to be established from Sr/Ca ratios and increment counts. The authors emphasize that the application of electron microprobe techniques to P . antarcticum is unvalidated and caution should be applied to any tentative relationships suggested in this study.
P. antarcticum plays a major role in high Antarctic waters, occupying an ecological position similar to the clupeids in temperate regions. P. antarcticum is abundant, planktivorous and a major food source for birds (penguins, skuas), mammals (seals) and other fishes (e.g.Dissostichusmawsoni) (Eastman 1985) . However, unlike many clupeids, P. antarcticurn is slow growing and requires considerable time to reach maturity.
BecauseP. antarcticum is so important, a significant decline in the population could have ecological ramifications. This species represents apotential linkbetween the surface waters of the Antarctic convergence of the open oceans and the coastal waters of the Antarctic continent. Commercial fishing pressure on this species, though not great now, could affect future stocks. Other Antarctic species, e.g.Notothenia rossii marmorata and Champsocephalus gunnari, have suffered a reduction in numbers, biomass and average size and age of individuals due to commercial fishing (Kock & Koster 1988) . This decrease may lead to a switch to fishing for the more abundant, though smaller (~2 5 cm) P. antarcticum. Because of the complex life cycle of P. antarcticurn, it is difficult to predict the effects of commercial fishing on its population dynamics. Additional retrospective investigations are needed to determine the implications of increased fishing pressure on this important component of the high Antarctic community and the validity of assumptions of the otolith techniques applied in this study.
